Abstract. The leakage neutron spectra measurements have been done on benchmark spherical assembly -iron sphere with diameter of 100 cm. The Cf-252 neutron sources with different emissions were placed into the centre of iron sphere. The proton recoil method was used for neutron spectra measurement using stilbene crystals and hydrogen proportional counters. The neutron energy range of spectrometer was from 0.01 to 17 MeV. The gamma pulse shape discrimination (PSD) method has been applied in stilbene measurements. The adequate MCNP neutron spectra calculations based on different data libraries (ENDF/B-VI.8, BROND-3, JENDL-3.3, JEFF-3.1) have been done and compared with measurements. Some aspects of presented benchmark are discussed in details including reproducibility of measurements, influence of group structure, smoothing of spectra, energy resolution of spectrometer, methodology of calculation (1-or 3-dimensional problem, results uncertainties), methodology of experiment (neutron background measurement using shadow cone). The results of analogous measurements and calculations performed on pure iron spheres of diameters 20, 30 and 50 cm are also briefly discussed in the report.
Introduction
Neutron and gamma fields parameters behind iron and water layers corresponding to reactor pressure vessel were studied on benchmark iron spherical assemblies with diameter of 20, 30, 50 and 100 cm, and on water spherical assemblies with diameter 30 and 50 cm. The Cf-252 neutron sources were placed into the centre of iron sphere.
In this article the results of the leakage neutron spectrum measurement from the largest sphere of 100 cm diameter are presented, because of the discrepancies between calculation and experiment are the most significant.
The measurement results are compared with parallel calculations using four different data libraries in MCNP code. The following data libraries were used: ENDF/B-VI, BROND-3, JENDL-3.3, JEFF-3.1.
In the following text the libraries are usually marked by shorted name ENDF, BROND, etc.
The measurement results can serve as integral verification of various data libraries.
Experimental assembly
The experimental assemblies is formed by the pure iron sphere with diameter of 100 cm with neutron source in centre, see figure 1 .
Neutron spectra were measured in two distances:
-R = 150 cm, abbrev. of assembly is FE DIA100, R150, shadow cone used (background is subtracted), spectrum measured by stilbene and H-detector. -R = 53 cm, abbrev. of assembly is FE DIA100, R53, shadow cone not used, (background is included), spectrum measured only by H-detector.
Methodology of calculation and measurement
The spherical shape of assemblies and spherical neutron source is used because this geometry represents the most simple one-dimensional (1D) calculation task. As a matter of fact, the assembly is a 3D object. The methodological 3D test-calculations (for Fe sphere of diam. 50 cm) was carried out and compared with simplified 1D results. The differences are not significant.
The background of the measured field is determined by additional measurement performed with shielding cone.
©2008 CEA, published by EDP Sciences
Article available at http://nd2007.edpsciences.org or http://dx.doi.org/10.1051/ndata:07373 The shielding cone has to shield corresponding space angle to measure all unwelcome scattered neutrons and laboratory background neutrons. 
Neutron spectrometers
The proton recoil method was used for neutron and gamma spectra measurement as well as main methods. Hydrogen proportional counters (0.01-1.3 MeV) and scintillation detector of stilbene (0.1-17 MeV) [1] , were used for neutron spectra measurement in the total energy range of 0.01-17 MeV. The group structure used for H-detector is 40 or 200 groups per decade (gpd). The group structure used for stilbene is the constant energy step in selected energy regions. Spherical hydrogen detectors were of 4 cm diameter and of 100, 400 and 1000 kPa pressure. The dimension of stilbene was of diameter 3 × 1 cm.
Calculation
The calculations were performed using Monte Carlo program MCNP4c. As for geometry description, a simplified model [2] was used, which substitutes assembly elements with concentric spherical shells around the source. Also, the detector is represented by a 1 cm thick spherical shell with radius equal to the real detector-source distance. In this way, considerable variance reduction has been achieved, while the results had remained essentially unperturbed in almost the whole energy range. Two detector shell radii have been dealt with: 53 cm (which, in the case of a 100 cm diameter sphere represents measurement of the spectrum close to the surface) and 150 cm (which represents distant measurement).
For each calculation, 10 8 particle histories were computed. For JENDL library, 2 × 10 8 histories were calculated. The energy bin structure of resulting tallies was chosen to be logarithmic, either with 40 or with 200 groups per decade. Photon tallies start at 0.001 MeV and end at 12.59 MeV, while neutron tallies range from 10 −10 MeV to 22.39 MeV. However, only ten groups per decade scale are used up to 0.001 MeV. The following nuclear data libraries were used in calculation: ENDF/B-VI.8, BROND-3, JENDL-3.3, JEFF3.1. The evaluated nuclear data files were processed using NJOY-99.115. Table 2 . Assembly FE DIA100, R53; 200 gpd, H-det measurementintegral values (energy range is in MeV). 
Normalisation and smoothing of results
The result of spectra calculation and measurement ϕ(E) is normalised in the following way
where R is the distance between detector and neutron source (centre to centre) and Q [1/s] is neutron source emission. Quantity depicted in the figures has the following form and dimension
The integral values presented in tables are also with dimension of 1. The calculated spectra were smoothed by Gaussian with constant percentage resolution ∆ of FWHM: ∆ = 13% for 40 gpd and ∆ = 4% for 200 gpd. 
Uncertainties
MCNP code gives only statistical uncertainties which are smaller then 5% for En <6 MeV, 40 gpd and 10 8 histories. Statistical uncertainties of H-detector measurements are calculated and represent the values about 3% for spectrum maximum for FE DIA100, R150 assembly and about 1% for FE DIA100, R53 assembly. These uncertainties were assessed for 40 gpd.
Statistical uncertainties of integral values are adequately calculated. Uncertainties based on methodology of measured spectra evaluation (like energy calibration, etc.) are estimated by authors to be approx. 1-2% for energy range 0.15-0.8 MeV and 3-7% for energy range 0.01-0.15 MeV.
Uncertainties of stilbene measurements are estimated by authors to be 7-15% for energy range 1-17 MeV.
Estimation of another existing uncertainties (like of the source emission, efficiency of detectors, etc.) is out of scope of this article.
Results of measurement and calculations
Two types of experimental results are presented:
-Assembly FE DIA100, R150, H-detector and stilbene measurement, binding energy for those methods is 1.2 MeV, -Assembly FE DIA100, R53 (measurement on the surface), H-detector only.
Comparison of the measured and calculated results is presented in figures 2-8 and tables 1-3. The measurement on the surface in R= 53 cm seems to be reasonable for obtaining better statistics of experiment.
Conclusion
The calculations performed in scale 40 gpd overestimate measured spectra (by H-det and stilbene) in region around 0.3 MeV by about 10-20% and also around 0.6 MeV by about 10% (see table 1 and fig. 8 ). The calculations performed in scale 200 gpd overestimate measured spectra (by H-det and stilbene) in region around 0.3 MeV by about 30-40% (see table 2 ).
The calculations in the energy region above 1 MeV underestimate measured spectrum (by stilbene) by about 20-40% depending on the library used (see table 1 and fig. 8 ).
The differences, between measurement and calculations (performed in this case ENDF/B-VI), described above, were observed also on the pure iron spheres of diameters 20, 30 and 50 cm [3] .
